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Abstract 
The current study was carried out to determine the effect of secondary metabolites on in vitro rumen microbial fermentation and 
their potential to inhibit methane (CH4) production involved in the global warming and greenhouse-gases (GHG). The obtained 
results showed that the addition of Yucca schidigera and Quillaja saponaria reduced significantly CH4 production (P <0.05). This 
reduction is proportional to the concentration and it becomes superior to 60 % beyond 8 mg / mL of saponins. CH4 production 
and total volatile fatty acid (tVFA) concentration decreased linearly (P<0.05) with increasing dose of essential oils (EO). T he 
effect was more pronounced with Mentha pulegium. The incorporation of Acacia cyanophylla tannins source to vetch-oat hay 
leads to a relative decrease in CH4 in the gas pool. Supplementation with 60% and 30% of Acacia cyanophylla resulted in 37.5 % 
and 56.25 % lower CH4, respectively. Addition of Acacia cyanophylla reduced significantly tVFA. The proportion of 60% of 
Acacia cyanophylla  induced the highest molar proportion in propionate. The results showed that plant secondary metabolites can 
be used as feed additives to reduce CH4 production and to consequently mitigate greenhouse-gases emission. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction  
 
Nomenclature  
CH4 methane 
CO2 carbon dioxide  
Greenhouse-gases (GHG) 
tVFA total volatile fatty acids 
CT condensed tannins 
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EO essential oils  
DM Dry matter 
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With the growing concern about global warming and global climate change, researches become intensified in  this 
domain, on which domestic ruminants  has an important ro le because they are the major contributor to anthropogenic 
production of greenhouse-gases (GHG), like methane (CH4). Methane is a strong GHG gas with a global warming 
potential 23 t imes higher than that of carbon dioxide (CO2). As such, much research is currently conducted to 
minimize the CH4 synthesis during rumen fermentation. Besides the contribution of CH4 to GHG emission, CH4 
synthesis in the rumen also represents a loss of dietary energy. Much researches are focused on the addition of p lant 
secondary metabolites to min imize CH4 production [1].  Ideally, additives should reduce the CH4 production, 
without interfering in the overall fermentation processes. The three main secondary plant compounds which appear 
effective in reducing CH4 production in vitro are: saponins, essential oils  (EO) and condensed tannins (CT).  There 
is a need for identifying plant secondary metabolites with potential to modify rumen fermentation. The objective 
of this study was, therefore, to screen for adequate compound and optimal doses to decrease CH4 
production in vitro by testing several plants known for their richness in secondary metabolites on CH4 
production. 
2. Material and methods 
2.1. Experiment 1 
 
The action of saponins on the in vitro gas production was determined according to the process of Menke et al. [2]. 
For every  sample, three syringes were inoculated with 200 mg / DM of substrate. This solid  phase were  completed 
by a liquid  phase constituted by 30 mL of culture media, made up of rumen content  and buffer solution (1: 2) [ 2]. In  
the same conditions, three syringes containing only the culture media without substrate were simultaneously 
incubated as blank.  
The tested saponins consist on gross extracts of shrubs collected from desert zones of Mexico and Chile: Yucca 
schidigera and Quillaja saponaria. Yucca schidigera extract was a powder, constituted exclusively  of stems (NOR-
FEED SUD Sarl). Its saponins content was about 44 g/kg DM. Quillaja saponaria ext ract was a powder, made up of 
selected parts of the plant (NOR-FEED SUD Sarl). Its saponins content was between 50-70g / kg DM. The added 
doses of ext racts were: 0, 2, 4, 6, 8 mg / mL. Investigated substrate were dates by products and the vetch-oat.  The 
follow-up of kinetic fermentation was realized by the measure of the total gas volume produced, in various intervals 
of time: 2, 4, 6, 8 and 24 hours. The specific volume of produced gases (CH4) was determined by a soda treatment 
(NaOH 10N) [3]. 
 
2.2. Experiment 2 
 
Essentials oils were obtained by steam distillat ion from Juniperus phoenicea and Mentha pulegium collected from 
Algeria.  Incubation was done in  100 mL serum vials containing 0.4 g  substrate (1:1 hay:concentrate) and 40 mL of 
rumen flu id-buffer mixture. Three wethers were used as donors of rumen fluid. Doses of EO tested were:  0.85, 
1.67, 3.3 and 5 (μL/mL) for Juniperus phoenicea and 0.37, 0.75 and 1.5 (μL/mL) for Mentha pulegium. Methane 
production and fermentation parameters were measured. Methane production was determined by gas 
chromatography (Micro GC 3000A, Agilent Technologies, Les Ulis, France). Indiv idual gas standards were used for 
calibrat ion. Total volatile fatty acids (tVFA) were analyzed by gas chromatography using crotonic acid as the 
internal standard on a CP 9002 Gas Chromatography (CP 9002 Chrompack, Middelburg, Germany) using a wall-
coated open-tubular fused silica co lumn (0.25 mm i.d. × 25 m) coated with CP-wax 58 (FFAP)-CB.  
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2.3. Experiment 3 
The action of Acacia cyanophylla, a tanniferous plant, on rumen fermentation and methanogenesis was investigated 
by the in vitro gas production test, according to the procedure of Menke et al. [2]. Acacia cyanophylla was collected 
from a semi-arid area of Constantine, Algeria. Its CT content was about 631 g  / kg DM. To study the effects of the 
incorporation of Acacia cyanophylla on the in vitro fermentation of conventional forage, Acacia cyanophylla was 
mixed to vetch- hay oat at d ifferent concentrations (0%, 30%, 60% and 100%).Three syringes containing 200 mg of 
each individual substrate or mixtures of p lants, and 30 mL of inoculums were incubated together. Incubation was 
performed in an incubator shaker at 9 turns / min  and 39° C for 24 hours. Qualitative analysis of gases (CH4 and 
CO2) was carried out by the technique described by Jouany [3]. At the end of fermentation, samples were 
determined for their tVFA composition; 1mL of 10% hydroxide sodium was added to 10 mL of the incubated fluid 
and stored at – 20°C until analyzed. Samples were centrifuged at 5000×g for 10 min at 4°C. After filtration, 
supernatant was analyzed by gas chromatography (BP21,SGE,Europe Ldt., Buckinghamshire, UK) with a  cap illary  
column (length: 30m, inner diameter: 530 μm film :1 μm) and flame-ionization detection. The temperatures of the 
injector and detector were 280°C, 240°C, respectively.  
3. Results  
3.1. Experiment 1 
The effect of saponins on gas production especially CH4 release is illustrated in figure 1. Date by products produced 
more of 44 % CH4 than vetch oat hay. The obtained results showed that saponins have a negative effect on CH4 
production. The addition of Yucca schidigera reduced significantly CH4 production (P <0.05) fo r date by products 
and the vetch oat hay. The reduction is proportional to the concentration and it becomes s uperior to 60 % beyond 8 
mg / mL of saponins. The same tendency was observed of Quillaja saponaria (Figure1). Although, CH4 production 
decreases according to tested doses (P < 0. 05), saponins effect was more pronounced on date by products than the 
vetch oat hay.  The latter was also dose dependent. In every case, it  s eems that saponins of steroid nature had an 
anti- methanogen potential more strong than that of triterpens saponins. 
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Figure1. Effect of supplementing saponins on CH4 production from dates by products (a) and vetch oat hay (b)  
 
3.2. Experiment 2 
 
The effect of in vitro different levels of EO on CH4 production was presented in figure 2. Methane production 
decreased linearly (P<0.05) with increasing dose of EO. The effect was more pronounced for Mentha pulegium. 
Total VFA concentration was also affected by EO addit ion (Figure 3). It decreased linearly (P <0.05) compared to 
the control. The same tendency was observed for the major  tVFA. Acetate and propionate concentration declined in  
the same way of tVFA.  Juniperus phoenicea doesn’t affect tVFA, but decrease acetate butyrate concentrations 
without negative effect on propionate concentration. 
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Figure2. Effect of supplementing EO of Mentha pulgium (a) and Juniperus phoenicea (b) on CH4 production 
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Figure3. Effect of supplementing EO of Mentha pulgium (a) and Juniperus phoenicea (b) on tVFA profile  
 
3.3. Experiment 3 
 
The effects of tanniferous plant supplementation on tVFA profile and on CH4 production is illustrated in figure 4. 
Vetch-oat hay produced more tVFA (120 mmol / L) than Acacia cyanophylla (70 mmol / L). Supplementation of 
Acacia cyanophylla reduced significantly tVFA. In VFA profile, the highest molar proportion of acetate was 
obtained for Acacia cyanophylla as indiv idual substrate (72.084 mol/100 mL) and the level of 60% of Acacia 
cyanophylla induced the highest molar p roportion of propionate (28 mol/100 mL) However, molar proportion of 
butyrate was significantly higher in vetch oat-hay (9,96 mol/100 mL). The volume of CO2 in all samples was much 
higher than the CH4.  The incorporation of Acacia cyanophylla in mixtures leads to a relative decrease of CH4 in  the 
gas pool. 60% and 30% of Acacia cyanophylla to vetch- oat hay resulted in 37.5 % and 56.25 % lower CH4, 
respectively. 
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Figure4. Effect of supplementing of Acacia cyanophylla on CH4 production (a) and tVFA profile (b) 
 
4. Discussion 
 
4.1. Effect of saponins on CH4 production 
 
A number of studies have reported that saponins or plants rich in saponins decreased CH4 production in the rumen. 
Saponin-extracts from Yucca schidigera (sarsaponins; steroidal saponins) and Quillaja saponaria (triterpenoid type 
saponins) or these plants have been examined in different laboratories, which have been demonstrated to reduce 
methanogenesis both  in vitro [4, 5, 1] and in vivo studies [5, 6,  7, 8]. Santoso et al. [9] and Wang et al [8] reported 
that feeding of saponins for 25 days (35% saponins) to sheep reduced CH4 production by 7.1% (0.12 g/kg d iet) and 
15.5% (0.13 g/kg diet), respectively.  
In addition to Yucca schidigera and Quillaja. saponaria, some other saponin-containing plants or saponins extracted 
from these plants such as  Acacia concinna (contains triterpinod saponins) pods [10], Knautia arvensis leaves [11]  
Sapindus mukorossi (contains triterpinod saponins) fruit pulps [12], Sapindus saponaria fruits [13], Sesbania sesban 
leaves [14] and Trigonella foenum-graecum seeds [11] have been shown to inhib it CH4 production in vitro. 
Additionally, it  has been suggested that CH4 production may also be affected by saponins as a result of reduced rate 
of methanogenesis via diminished activity of CH4 producing gene without changing the total methanogen population 
[15]. The inhibitory activ ities of some saponins on methanogenesis are dependent on the composition of diets and 
levels of saponins in the diets. The effect is generally depending dose. For example, saponins of Sapindus rarak 
fruits reduced methanogen RNA concentration at the highest saponins concentration (4 mg mL−1), while lower 
levels had no effect on methanogens numbers [17]. Total archaeal population was reduced by saponins extracted 
from Sesbania. sesban leaves (78%), fenugreek seeds (22%), and Knautia leaves (21%). On  the other hand, 
saponins may decrease methanogenesis indirectly via inh ibition of protozoa. Sterol binding capability of saponins  
has been implicated to the destruction of protozoal cell membranes [3, 18]. One possible raison of CH4 reduction is 
that saponins favour the production of increased proportion of prop ionate, the channelling of hydrogen from 
methanogenesis to propionate production may cause lower CH4 production. 
Nonetheless, in addition to suppressing CH4 production, the use of saponins may also confer nutritional benefits as 
they might increase microbial p rotein synthesis due to inhibition of protozoa, and the fiber-degrading bacteria and 
fungi in the rumen might increase, which is  beneficial for utilizat ion of feeds in low-quality-based diets [18]. 
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4.2. Effects of EO on CH4 and tVFA productions  
 
Essentials oils consist of volatile  constituents of terpenoid or non-terpenoid orig in. Under this group, hundreds of 
large or s mall molecules can be present, consisting of hydrocarbons and their oxygenated derivatives.  EO are 
known for their anti-microbial activity and are commonly used for the treatment of microbial infect ions [19]. 
Conflicting results have been reported on effects of EO on rumen microbial fermentation and rumen 
methanogenesis.  
In many studies authors showed decreased rumen CH4 production in response to EO supplements. CH4 production 
(mL/g digestible DM) decreased linearly with increasing levels of peppermint oil (Mentha piperita), but diet 
digestibility was also depressed at all levels while tVFA concentration was depressed only at the two highest 
inclusion levels [20]. The same tendency was showed by Mohammed et al [21]. Generally, the use of EO to 
manipulate rumen CH4 production in vitro was accompanied by the inhibition of fermentation [22]. However, 
Tatsuoka et al [23] observed no antimethanogenic activity of peppermint oil complex (83, 167 and 250 mg/L of 
culture fluid) on in vitro batch culture fermentation, which  was consistent with the lack of effect of this EO on tVFA 
concentration and molar proportions of acetate and propionate. EO of Mentha pulegium has an antimethanogenic 
activity stronger than Juniperus phoenicea because of its composition. Indeed, EO from Mentha species and several 
of their components (menthol, menthone, p-cymene, limonene, linalol, _-p inene, _-pinene and 1,8-cineole) have 
been thought to possess antimicrobial act ivities agains t Gram positive and Gram negative bacteria  [19, 24] what 
could explain their negatives effects on CH4 and tVFA production. 
The reduction in  CH4 production was often accompanied  by a decrease in numbers and activity  of p rotozoa (i.e ., 
holotrichs and spirotrichs). Ando et al. [25] reported a decrease in  the total numbers of protozoa, including 
Entodinum, Isotrica and Diplodium in rumen fluid from steers supplemented with 200 g/d (54 g/kg DM intake) of 
sun-dried. About 25% of rumen methanogens are associated with protozoa [26] and, therefore, a  part of the 
antimethanogenic effect of EO may be due to an antiprotozoal activity. Antimicrobial effects of EO are also 
manifested in their high affinity for microbial cell membranes. However, the effect of indiv idual EO depends on 
their structure, which results from chemical composition and type of functional group. They cause disturbances of 
ion transport (electrons) through the cell membrane, mit igate protein translocation, phosphorylation and enzyme -
dependent reactions taking place in the membrane. EO affects individual groups of microorganis ms differently  
because of differences in the structure of the cell membrane, for example, between bacteria and methanogens [22]. 
 
4.3. Effects of tannins contents on CH4 and tVFA productions  
 
The highest total CH4 generated after 24 hours of incubation by vetch -oat hay might be due to its higher digestible 
fiber content [27]. The lower CH4 production induced by supplementation of Acacia cyanophylla could be due to 
their high CT content. These results are consistent with Cieslak et al [28], who showed reduced CH4 production with 
tannins inclusion of 10 g /Kg DM. The reports from literature indicate that phenolic compounds have been found to 
be toxic for many of the rumen microbes, especially ciliate protozoa, fiber degrading microbes and methanogens. As 
a result of this property, the methanogenesis in the rumen is also inhibited [29]. Furthermore, many others in vitro 
and in vivo studies have demonstrated the antimethanogenic activity of tannins [30, 13, and 31]. However, the mode 
of action of tannins has not been completely described [32].  
In general, inhibit ion of CH4 production entails an  alterat ion in tVFA profile [28] and correlate strongly with the 
acetate/propionate ratio, which is dependent on pH and substrate. In our study, an increase in the concentration of 
propionate occurred with Acacia cyanophylla supplementation. This indicates a concurrent reduction of CH4 
formation and redirection of hydrogen from CH4 to reduced tVFA [33]. These results are consistent with Cieslak et  
al [28], who stated that propionate production and methanogenesis are competitive. During fermentation, propionate 
production, may disturb horizontal hydrogen transfer and thus leading to limitation  of methanogenesis process 
[34].According to Tavendale et al [31], the strong inverse relationship between the molar proportion of propionate 
and CH4 may depend on interactions among ruminal microbial population, and compounds that promote higher 
production of acetate in the rumen.  
 
5. Conclusion 
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The results on antimethanogenic activity of plant secondary metabolites indicated their potential to be used as feed 
additives to reduce CH4 production but the mechanism of their action needs detailed investigation. In addition to 
that, optimum dose of feeding has to be optimized to get a significant reduction in  methanogenesis without affecting 
feed digestibility and animal performance.  
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